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Abstract: In the era of 5G which has ever growing 
demand of mobile data services for increasing number of 
mobile devices such as smart phones, netbooks, smart 
wearable. Today’s macro cell networks will become more 
tightly packed and eventually becoming ultra-dense due 
to ever increasing data traffic. Thus the future 5G cellular 
network will be ultra-dense. The ultra-dense network 
introduces a concept of small cell base station (BS) which 
can provide high data rates and reliable wireless 
connection. Cloud-based radio networks will be needed to 
optimize performance in ultra-dense cellular network. 
This paper provides comprehensive survey on 5G 
wireless networks, the parameters to improve the quality 
of services in 5G ultra dense cellular networks, challenges 
and applications. 
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1. Introduction 
 
Over the next decade, the wireless traffic volume is 
expected to increase thousand times over. Thus, the future 
5G cellular network becomes hot research topic in 
academics and telecom industry. 5G wireless system is 
the proposed next generation wireless communication 
standard beyond 4G/LTE. Vision of 5G is to provide 
 

1. High data  rate -  in 10x Gbps 
2. Latency - <1ms 
3. Network controlled device to device 

communication. 
4. Multiple radio access technologies 
5. Energy and cost efficient 
6. Massive wireless sensor network and much more. 

 
The spectrum for current commercial cellular system is 
limited (300MHZ-3GHZ) which is very limited and 
becoming very dense due to increase in data traffic. In 3 
G cellular networks, the densification of macrocell base 
station (BS) aimed improving data rate in urban areas. 
Frequency reuse and sectorized BS technologies have 
been developed for densification of macrocell to avoid 

interference from adjacent BS .It has 4-5BS/Km2. In 4G 
LTE-A (Long term Evolution-Advanced) system, the 
density of BS is 8-10 BS/Km2, to satisfy high speed data 
transmission in specific regions. All the Base Stations 
(BSS) are connected directly through gateways and all the 
backhaul traffic is driven with the help of fiber links or 
broadband internet. 

 
For propose4d 5G cellular network, the data rate up to 
gigabit-level can be achieved using integration of MIMO 
antennas called Massive MIMO, and also to decrease the 
power constrained for antennas [13-14] by 10-20 times, 
the radius of BS have to decrease decreasing cell size 
(<100m) making 40-50 BS/Km2 [11]. The other potential 
technology to achieve high data rate by use of millimeter 
wave for transmission. But due to propagation digration 
of mm wave, the transmission distance has to be small 
hence suitable for small cell. Thus the 5G cellular network 
will be an ultra dense cellular network. This paper is 
organized by giving introduction to ultra dense network 
and Cisco system recent visual networking index in 
chapter I,comparision of 1G,2G,3G,4G and 5G in chapter 
II,introduction to ultra dense 5G network in chapter III, 
architecture of ultra dense 5G network in chapter 
IV,followed by challenges ,applications and conclusion. 
 

2. Cisco Systems most Recent Visual 
Networking Index (VNI) 

 
Studying the most recent visual networking index of 
Cisco Systems, it is noticed that 
 
 The total number of smart phones and smart devices 

will be over 50 percent of global devices and 
connections by 2021.   

 
 The Global mobile data traffic will increase sevenfold 

between 2016 and 2021.  
 
 Between 2016 and 2021.  
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Figure. 1. Cisco Forecasts of Mobile Data Traffic by 
2021 

 
Source: Cisco VNI Mobile, 2017 

 
 The share of smart devices and connections will 

increase from 46% in 2016 to 75% by 2021, growing 
more than two fold.  

 

 
 

Figure.2. Global Growth of Smart Devices and 
Connections

By 2021 a 4G connection will generate two times more 
traffic than a 3G connection and 5G will be much more. 

 
 A 3G connection and 5G will be much more. 
 

 
 

Figure.3. Global Mobile Traffic by Connection Type 
 

Source: Cisco VNI Mobile, 2017 
 
To be able to support such demand, future networks will 
need to be very dense and multi layered. Beyond 2020, 
network will support the internet of things (IOT) and 
densification to ultra dense 5G networks. 
 
 
 
 
 

  
3. Comparison Of 1G, 2G, 3G, 4G AND 5G 

 
Table 1. The table below compares the generations [4] [5] in wireless cellular communication networks. 

 
Parameter 1G 2G/2.5G 3G 4G 5G 

Deployment 
year 

1970/84 1980/99 1990/2002 2000/2010 2014/2015 

Technology 
used 

Analog 
Cellular 

Digital 
Cellular 

Broad 
bandwidth, 
CDMA , 
Internet Protocol 
Technology

Unified IP and 
combination  of 
LAN/WAN/WL
AN/PAN 

4G+WWWW 
(wireless world 
wide web) 

Bandwidth 2Kbps 14-64 Kbps 2Mbps 200 Mbps >1Gbos 

Service 
 Mobile 
Telephony 

Digital 
voice/SMS 

Integrated high 
quality data and 
video 

Dynamic 
information 
access  

Dynamic info 
access, 
wearable 
devices with A1 
capabilities 
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Multiplexing 
technique 

FDMA TDMA/CDMA CDMA CDMA CDMA 

Switching 
technology 

Circuit 

Circuit switching 
for access 
network and air 
interface

 Packet 
switching  
except for air 
interface

 All packet  All packet 

Core network 
used  

PSTN PSTN 
Packet 
network 

Internet Internet 

 

4. Introduction To Ultra Dense 5G Networks 

To meet the demands of fifth generation (5G) cellular 
network, the proposed technologies are massive Multiple-
Input Multiple Output (MIMO), millimeterwave 
communications [1] [2] and the small cell concept 
 
1. Massive MIMO: MIMO technology in present 4G 
LTE-A technology is extended to have arrays of antenna 
containing few hundred antennas known as Massive 
MIMO. Using Massive MIMO, it becomes possible to 
focus energies towards a desired direction called as 
beamforming [8] using different techniques. Beam 
forming [3] also called as spatial filtering uses antenna 
array for directional signal transmission and receiver. It is 
achieved by combining interference while others 
experience destructive interference. Hence to achieve 
spatial selectivity, beamforming can be used at 
transmitting end as well as receiving end. The different 
methods of beamforming are Analog beamforming, 
Digital beamforming and Hybrid beamforming. 
 
2. Analog Beamforming: In Analog beamforming, the 
control of MIMO and beamforming is performed at radio 
frequency (RF) level. It makes use of networks of phase 
shifters in front of each antenna. This system is able to 
handle only one data stream for which single beam is 
generated. It is not suitable for multistream and multiuser 
scenario. At mm frequencies, Analog beamforming will 
be very costly, lossy and complex. To overcome this 
issue, hybrid beamforming is introduced. 

 
Figure.3. Analog beam forming in MIMO. 

 
 

 
3. Digital Hybrid Beamforming: For mm wave, hybrid 
beamforming [9] makes compromise between hardware 
complexity and system performance. It is ideal for spatial 
multiplexing and multiuser MIMO. It reduces number of 
RF chains, ADCs, DACs required using different 
precoding techniques, which further helps in reducing 
power and cost. 
 

 
Figure.4: Hybrid analog-digital precoding for MIMO 
 
Thus the digital beam forming will be the most versatile 
solution for future ultra dense 5G communication 
systems. It increases the complexity and more expensive. 
Hybrid precoding enables multiple data streams. 
 
4. Millimeter-Wave Frequency:  To meet the demand 
of gigabits per second data rate, development of wireless 
communication in 60GHz unlicensed band is topic of 
great interest and research. The current RF spectrum 
300MHz-3GHz is used in almost all commercial radio 
communication such as HDTV, cellular satellite 
communication, GPS, WIFI including AM/FM. This band 
is becoming very dense and cannot fulfil future ultra high 
data traffic demand, while the band 30-300GHz spectrum 
is underutilized and can be used in upcoming year 
efficiently. The major benefits of going to mm carrier 
frequency is large spectral channels, high throughput in 
small geographical area, gbps data rate, high B.W etc. mm 
wave communication [8] can also be used in applications 
such as wearable networks, vehicular 
communications,V2I communications etc. The potential 
of mm wave is immense, but have various environmental 
challenges described below [12]. 
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5. Challenges for Using Mm Wave Communications 
 
1. Effect of Atmosphere and Air: In unlicensed 60-GHz 
band, the absorption due to rain and air is up to 15db/Km. 
but these absorptions are less significant in urban area, 
where base station spacing is in the order of 200m [2]. 
Hence using beam forming techniques, these propagation 
losses can be minimized. 
 
2. Pathloss: The free space path loss depends on the 
frequency of carrier. At higher frequencies, the size of the 
antennas will be small with a reduction factor of  λ2/4π 
[2]. The free space path loss between a transmitter and a 
receiver antenna increases with f 2 . Thus, for the carrier 
frequencies from 3 to 30 GHz, correspondingly 20 dB of 
power loss will be added irrespective of the distance 
between transmitter and receiver. But at higher 
frequencies, if the antenna aperture at one end of the link 
is kept constant, then the free space path loss will remain 
unchanged. Also, if the apertures of transmitter and 
receiver antenna kept constant, then the free space path 
loss decreases with f 2 . 

 
3.  Blocking: Millimeter wave signals due to lack of line 
of sight, are much prone to blockages. With the increase 
in the distance between transmitter and receiver, the path 
loss will increase up to 20 dB/decade under LOS 
propagation, but decreases to 40 dB/decade for non-line 
of sight.  
 
4. Penetration and Other losses: In the band of 3–300 
GHz, the reflection and diffraction losses are high and 
depend mostly on the material and the surface. Signals at 
lower frequencies can easily penetrate through wall of 
buildings. Millimeter wave signals cannot penetrate most 
of the solid materials. Mm wave which is already being 
deployed in IEEE 802.11ad, in future this can be deployed 
using 60 GHz mm wave.  
 
5. Small Cell concept: For 5G cellular network, the data 
rate up to gigabit-level can be achieved using integration 
of MIMO antennas called Massive MIMO,and also to 
decrease the power constrained for antennas by 10-20 
times, the radius of BS have to decrease decreasing cell 
size (<100m) making 40-50 BS/Km2 . To satisfy the 
increasing traffic demands for increasing demand of 
mobile data traffic, densification of the infrastructure will 
be there, introducing small cell concept for 5G. 

 
 

6. Architecture of Ultra Dense Cellular Networks 
 
With the development in technology like mm wave and 
small cell deployment make 5G to be ultra dense cellular 
network. Small cell BSs can adopt millimeter wave 
technology but is restricted and cannot directly transmit 
wireless backhaul traffic to a given gateway. 5G UD 
cellular networks composes of small cells and macrocells. 
Depending on the backhaul gateway configuration [6] [7]. 
There are two types of distribution architecture of UD 
cellular network briefly described below. 
 
1. Ultra Dense Cellular Networks with a Single 
Gateway: Figure 5 illustrates UDN with one gateway 
deployed in the macrocell. The gateway is configured at 
the macrocell Base Station. It usually has enough space to 
install massive MIMO mm-wave antennas to receive the 
wireless backhaul traffic from small cells in the 
macrocell. This backhaul traffic of Base station is relayed 
to the adjacent small cell BS using millimeter-wave links. 
The whole backhaul traffic of small cells is then 
forwarded to the macrocell BS by multihop millimeter-
wave links. At the end, the backhaul traffic at BS is 
forwarded to the core network by FTTC links. 

 
Figure 5.Distributed ultra dense cellular networks with a 
single gateway, a] deployment scenario with single 
gateway] logical architecture with a single gateway 
 
2. Ultra-Dense Cellular Networks with Multiple 
Gateways: In the distribution architecture of ultra dense 
cellular networks, multiple gateways deployment is 
flexible for forwarding the backhaul traffic into the core 
network. There the gateways are deployed at multiple 
small cell BSs according to the requirement of backhaul 
traffic and geography scenarios. In Figure 6, the backhaul 
traffic of a small cell BS is relayed to the adjacent small 
cell BS by millimeter-wave links. In multiple gate 
scenarios, the backhaul traffic of small cells will get 
distribute to multiple gateways in the macrocell. Again, 
the backhaul traffic at mall cell BS, i.e. the gateway, is 
forwarded to the core network by FTTC links. Ultra dense 
network deployment with multiple gateways and logical 
figures are illustrated in Figure 6a&6b. 
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Figure 6. Distributed ultra dense cellular networks using 
multiple gateways, a) deployment with multiple gateway, 
b) logical architecture with a multiple gateway. 
 
The differences between conventional cellular networks 
and 5G ultra-dense cellular networks with single/multiple 
gateways are explained as follows: 
 
 The architecture of conventional cellular networks is 

centralized network architecture, and some microcells 
are densely deployed in partial areas (e.g., urban 
areas). While, the architecture of ultra-dense cellular 
networks is distributed. 5G small cell BSs will be 
equipped with mm wave massive MIMO antennas 
providing high bit rate. 

 In conventional cellular network, every base station 
has the same function, and the coverage of microcells 
and macrocells will overlap. In ultra dense 5G cellular 
networks, there will be no overlap of the function and 
coverage between macrocell base stations and small 
cell basestations. 

 When compared with conventional cellular networks, 
ultra dense 5G cellular network performance will 
provide high mobility.  

 
7. Challenges and Applications 

 
Challenges 
 
 Ultra dense structure is the most important challenge 

in future 5G cellular networks. 
 Wireless multihop routing algorithm is a key 

challenge. 
 Resource allocation for Base station relaying and self-

transmission can be a critical problem 
 
In ultra-dense 5G cellular networks 
 
 To cell size coverage for ultra-dense cellular network 

should be very small to utilize the beam form steering 
of massive antennas. 

 High speed mobile users, the frequent user handover 
will increase overhead in small cells. 

 
Applications 
 

 
 
1. Applications like vehicle-to-vehicle (V2V) and 

vehicle-to-infrastructure (V2I)  
2. Enhanced local sensing capability in connected cars  
3. Share high rate sensor data: radar, LIDAR, video, IR 

video, other sensors  
4. Data fusion from other cars can enlarge the sensing 

range  
5. Driverless cars Devices with high data rates. 

 
6. Multiple communicating devices in and around the 

body (wearables). 
7. Millimeter Wave solution  provides 
8. high data rates for high end devices 
9. reasonable isolation for low end devices 

 
8. Conclusions 

 
Till now, the ultra-dense wireless networks are majorly 
deployed in indoor and hotspot. Massive MIMO antenna 
and mm wave communication are promising technologies 
to enable ultra-dense 5G cellular networks. The ultra-
dense network introduces a concept of small cell base 
station (BS) which can provide high data rates and reliable 
wireless connection. Cloud-based radio networks will be 
needed to optimize performance in ultra-dense cellular 
network .In this article, the nature of future ultra-dense 5G 
cellular network architecture with single and multiple gate 
ways has been described. Massive MIMO and mm wave 
with IOT are backbone technologies for 5G architecture. 
The various challenges to deploy the 5G ultra dense 
cellular network have been discussed. The applications 
includes devices with high data rates, machine-to-
machine communications, vehicle-to-vehicle, vehicle-to-
Infrastructure, wearable devices communications and 
much more. 
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